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ABSTRACT 

IGR J 16493 -4348 was one of the first new sources to be detected by the INTEGRAL y- 
ray telescope in the 18-100 keV energy band. Based upon spatial coincidence the source 
was originally associated with the free radio pulsar PSR J1649-4349. Presented here are the 
results of 2.8 Ms of observations made by the INTEGRAL mission and a 5.6 ks observation 
with the Swift X-ray Telescope. Spectral analysis indicates that the source is best modeled by 
an absorbed power law with a high energy cut-off at E^-IS keV and a hydrogen absorbing 
column of N#=5.4^j- 3 x 10 22 cirT 2 . Analysis of the light curves indicates that the source is a 
weak, persistent y-ray emitter showing indications of variability in the 2-9 and 22-100 keV 
bands. The average source flux is ~1.1 x 10~ ll) erg cirT 2 s~' in the 1-100 keV energy band. 
No coherent timing signal is identified at any timescale in the INTEGRAL or Swift data. 

The refined source location and positional uncertainty of IGR J 16493 -4348 places PSR 
J1649-4349 outside of the 90% error circle. We conclude that IGR J16493-4348 is not as- 
sociated with PSR J1649-4349. Combining the INTEGRAL observations with Swift/XRT 
data and information gathered by RXTE and Chandra we suggest that IGR J 16493 -4348 is 
an X-ray binary; and that the source characteristics favour a high mass X-ray binary although 
an LMXB nature cannot be ruled out. 

Key words: X-rays: individual: IGR J16493-4348 - gamma-rays: observations - X-rays: 
binaries 



1 INTRODUCTION 

Since its launch in 2002 the INTErnational Gamma-Ray Astro- 
physics Laboratory (INTEGRAL) has been making regular scans 
of the Galac tic plane and the Galactic centre as part of its Core Pro- 
gramme dWinkler et alll2003l) . The Imager on-Board INTEGRAL 
(IBIS) generates images of the sky with a ~30° field of view, an 
angular resolution of 12' FWHM and a point sour ce location ac- 
curac y of 30"-3' in the 15-1000 keV energy range dUbertini et al.l 
l2003h . Using the soft y-ray ISGRI detector of IBIS, a number of 
surveys of the Galactic pl ane have been published span ning the 
18-100 keV energy range dBird et alj|2004 l200d 1 20071) . The 1" 
IBIS/ISGRI survey, iBird et alj d2004l) . announced the detection of 
PSR J1649-4349, a 0.87s radio pulsar , at 6.3 cr in the 30-50 
keV energy range. Greben ev et alj j2005t) . also detected the source 
with INTEGRAL during a deep exposure of the Norma spiral arm 
tangent at 9.1 cr in the 18-45 keV band at R.A. = 16' ! 49'" 21 s 
Dec. = -43° 48' 36" with a 2' positional uncertainty. They sug- 
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gested that the source may be an unknown X-ray binary and that 
the pulsar is serendipitous to the detected source. In the subsequent 
IBIS/ISGRI catalogues released by Bird et al. the source is listed 
as IGR J16493-4348 due to the uncertainty over the nature of the 
source. 

RXTE observations we re made of IGR J 16493 -4348 us- 
ing the PCA instrument by iMarkwardt. Swank. & Smith! d2005l) 
in April 2005. Two observations were performed on the 14 and 
15 April for 3.5 and 2.6 ks respectively. No significant pulsations 
were detected at any timescale including the known 0.8 7s period 
of PSR J 1649-4349. IMarkwardt. Swank" & Smithljlool) find that 
the mean spectrum of IGR J16493-4348 is consistent with a heav- 
ily absorbed power law with N# ~ 10 23 cm" 2 and a photon index 
of 1.4. They find a flux of 1.0x10 ", 1.3x10 " and 2.1x10-" erg 
cm" 2 s in the 2-10, 10-20 and 20-40 keV energy ranges. 

Chandra imaging of the field of I GR J16493-4348 in Octo- 
ber 2005 was performed for 4.1 ks bv lKuiperet~ai] ( l2005l) . They 
found that within the 2' error circle of the INTEGRAL source 
a single point source was detected at R.A. = 16'' 49'" 26.92' 
Dec. = -43° 49' 8.96", with a 0.6" error in each coordinate. 
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This position is 1.2 ' away from the position of PSR J 1649-4349. 
iKuiper et all ( 120051) associate this source with IGR J 16493 -4348 
and no X-ray photons are detected within 5" of the pulsar posi- 
tion. The Chandra light curve showed indications of variability but 
no periodicities were found in the l-5 00s range and no X -ray spec- 
trum could be extracted from the data. Kuiper et aL (2005) note that 
the earlier spectral measurement of IGR J 16493 -4348 by RXTE 
may be contaminated by another X-ray source, 1RXS J164913.6- 
435527, as this source is ~6.T away and would be within the field 
of view of the PCA and was observed to be a bright 22.4<x source 
in the Chandra image. 

IGR J 16493 -4348 is located on the Galactic plane, 20° from 
the Galactic centre in the vicinity of the Norma spiral arm tangent. 
This location and the high absorbing hydrogen column density 
measured by RXTE make this INTEGRAL source a candidate of 
the class of highly obscured high mass X-ray binaries (HM XBs) of 
which INTEGRAL has discovered numerous examples jR uulkers 
I2005L iDean et alj|2005l : IWalter et alj2006l: iBodaghee et alj2007h . 

In this paper we present a complete analysis of all archival 
INTEGRAL observations of IGR J16493-4348 and an analysis of 
Swift X-ray Telescope observations of the source in March 2006. 
Spectral and temporal analysis of both data sets is reported. 



2 OBSERVATIONS 
2.1 INTEGRAL data 

The entire INTEGRAL data archive of public and Core Programme 
was searched for pointings which included IGR J16493-4348. A 
range of observations were found from 28 February 2003 - 30 July 
2006. 3843 individual pointings were made with IGR J 16493 -4348 
in the field of view, which corresponds to an effective exposure 
of 2.8 Ms. The individual IBIS/ISGRI pointing data were reduced 
using the offline standard analysis, osa software version 5.1. A 
light curve of the individual pointings, each with an exposure of ~2 
ks, was produced and an image mosaic was constructed using the 
proprietary software of iBird et alj d2007l) . 

The maximum source detection in a single IBIS pointing is 
~4.2cr and typically it is considerably less than this; consequently 
it is not possible to extract a good spectrum from any individual 
pointing. All 3843 pointings were processed with the osa software 
to produce images in 12 energy channels spanning the 22-300 keV 
range; the channels in the 22-100 keV range were logarithmically 
spaced to evenly distribute the counts across the channels (assum- 
ing a Crab-like spectrum). The weighted average flux of the source 
in each energy channel was calculated from the individual osa flux 
and variance images and used to construct a standard spectral pha 
file. An appropriate rebinned rmf file was produced from the stan- 
dard IBIS spectral response file to match the 12 chosen energy 
channels. This production of the spectra of weak persistent sources 
with INTEGRAL data by imaging i n fine energy bands is an es- 
tablis hed method dLandi et alj|2007l ; iMolina et al.ll2006l;lHill et al.1 
2005) and has been extensively tested against the 'standard' anal- 
ysis for bright sources. This technique is fundamentally the same 
as that described in Appendix A of the spectral analysis of IGR 
J 19 140+0951 by Rod riguez et al.1 d2005h and is the same technique 
applied in the osa mosaicspec tool. 



40 


i 

O 35- 


■ ■ ■ 

16:49:. 


ifrO 


as 


O-! 30 


O-s . 




. 1 

■ 


■ INTEGRAkf'IBI* 


i ■ 


■ 


■ 

■ 




u 


/ = 


■ 


— ■ 

■ *v 


. ■ 

■ ■ ■- 1 

■ 1 ■ 

_ 1 \ ■ — I — 






/ ■"■ 
/ . ■ 

/ 8 

/ Q i 






.■: .i ■.. 

\ ■ ■ ._ 


■ ■ 

■ 






r ■ * 

$ 


; . - X 
. ■ 




'jnl 




— m~m 

■ 

■ 

3-4343 

■ ■ 






o 

\ ■ s 


■ ■ ■ 


■■ ■ ■ 


it- - ■ ■ 

' 


■ ■ 
■ 




" \ « 

\ b 

>^ 


_ .■ 
■ 




* ■■ 


■ ■ . 

■ ■ 




51:00. 
■ 


■ — . — 


■ 


■ 


- . 





Figure 1. The Swift/XRT X-ray image of the field around PSR 
J1649-4349. The cross indicates the position of PSR J1649-4349. The cir- 
cle on the left is the position of the INTEGRAL source found in this paper 
with a 1.3', 90% error circle. The XRT 90% error circle is only 3.6" in ra- 
dius and is located i nside the INTEGRAL error circle. The Chandra position 
IKuiper et alj |2005) is within the XRT error circle. The image coordinates 
are in R.A. and Dec. and the field is approximately 5'x 4'. 

2.2 SWIFT/XRT data 

IGR J16493-4348 was observed with XRT (X-ray Telescope, 0.2- 
10 keV) on board the Swift satellite (Gehrels et al. 2004) between 
23:11:34 UTC 11 March 2006 and 09:03:54 UTC 12 March 2006 
for a total exposure of 5.6 ks. Data reduction was performed using 
the XRTDAS v.2.0. 1 standard data pipeline package (xrtpipeline v. 
0.10.6), in order to produce screened event files. All data were ex - 
tracted only in the Photon Counting (PC) mode dHill et alj r2004). 
adopting the standard grade filtering (0-12 for PC) according to 
the XRT nomenclature. Events for spectral and temporal analysis 
were extracted within a circular region of radius 20", centered on 
the source position, which encl oses approximately 90% of the PSF 
at 1.5 keV (Mo retti et alj|2004h . The source background was mea- 
sured within a source-free circular region with radius 90" located 
far from the source. Spectra and light curves were extracted from 
the corresponding event files using the xselect v.2.4 software. The 
spectra were binned using grppha in an appropriate way, so that 
the;^ 2 statistic could be applied. We used the latest version (v. 009) 
of the response matrices and created individual ancillary response 
files (ARF) using xrtmkarf v.0.5.2. 



3 ANALYSIS 

Upon inspecting the 18-60 keV mosaic of all of the INTE- 
GRAL/IBIS pointings, a 21 Act detection of the source is made with 
a corresponding flux of 2.3 ± 0. 1 mCrab. The extracted source posi- 
tion is R.A. = 16'' 49"' 31.6 s Dec. = -43° 49' 19.2", with a 1.3' 90% 
error circle. The error circle is calculated using the formulation of 
iGros et all {2003) which has bee n shown to be rep resentative of IN- 
TEGRAL source detections bv lBirdetal] 420071) . The location of 
PSR J 1649-4349 is R.A . = 16'' 49 m 20.42 1 Dec. = -43° 49' 22" 
dManchester et al.l 1200 ll) . The position of the INTEGRAL detec- 
tion of IGR J16493-4348 and the position of PSR J1649-4349 
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are shown superimposed upon the Swift image in Figure [T] The 
increased amount of INTEGRAL data and the correspondingly 
higher significance of detection has resulted in a more precise 
source position of IGR J16493-4349. Whilst our position is com- 
patibl e with that found for the or iginal detection {Grebenev et al.l 
120051) and the Chandra detection dKuiper et alj|2005h . the location 
of PSR J1649-4349 is now outside of the 90% error circle and is 
~2' from the refined position of IGR J16493-4348. 

The Swift/XRT image of the field yields a source detection 
of 45.9cr in the 1-9 keV energy band. The XRT source posi- 
tion is derived with the xrtcentroid task v.0.2.7 and including 
the correction for the misalignment betw een the telescope and the 
satellite optical axis jMoretti et al]|2006h is R.A. = 16'' 49'" 26.6 s 
Dec. = -43° 49' 10.5", with a 3.6" 90% error circle. The Swift po- 
sition is shown in Figure Q] and is compatible with both the new 
IBIS position reported here and the reported Chandra position. 
Within a 5" circle centred on the known position of pulsar PSR 
J 1649-4349 the Swift/XRT detects a single X-ray photon within 
the 5.6 ks exposure. This is compatible with the non-detection of 
PSR J1649-434 9 by Chandra which detected no photons in an area 
of the same size (Kui per et alj2005h . 



3.1 Timing Analysis 

An inspection of the light curve of the individual IBIS pointings, 
each with an exposure of ~2 ks, indicates that IGR J16493-4348 
is a weak, persistent source with no individual pointing hav- 
ing a detection significance of 5tr. A timing analysis was per- 
formed using the Lomb-Sc argle periodogram method dScargld 
1 19821; iPress & Rvbicki|[l989h ; no coherent signal was detected in 
the 2 ks - 400 day period range. The weak nature of the source 
would require a very high amplitude periodic signal to be present 
in order to be clearly detected, however a large amplitude signal 
would be expected if the system were undergoing regular eclipses 
of a donor star. Additionally the weak detection of the source 
on 2 ks times precluded the possibility of searching on shorter 
timescales for any indication of pulsations. 

Investigating the general trend of the long term IBIS light 
curve provides some evidence of long term variability in the source. 
The weighted mean flux of the source was fitted to the light curve 
and yielded a reduced chi-square value ofxl = 1.3 for 3841 degrees 
of freedom. Whilst not an unacceptable fit, the deviation of the chi- 
square value from 1.0 indicates some level of variability is present 
in the light curve although it is not of a significant amplitude to be 
characterised further. 

Light curves with 5s and 50s binning were produced in the 
1-9 keV band from the Swift/XRT data. The Lomb-Scargle peri- 
odogram method was again used to seach for any periodic signals 
present in the data. No coherent timing signal from 10-1000s was 
evident in the analysis. Using a Monte-Carlo approach, it was pos- 
sible to assess the data quality of the 5s binned light curve and our 
sensitivity to periodic signals. Simulated light curves were gener- 
ated which had the same sampling and statistical properties of the 
data but which had a sinusoidal modulation of ~100 s introduced. 
The results of the Monte-Carlo simulations indicated that if the 
source has a pulse amplitude of < 35% we would be unable to de- 
tect it. Whilst no coherent signal was evident the 50s binned XRT 
light curve was not well fit by simple continuous emission. A fit to 
the weighted mean of the light curve yielded a reduced chi-square 
value ofxl = 1.7 indicating that the source flux was variable during 
the observation. 




2 5 10 20 50 100 

Energy (keV) 



Figure 2. The unfolded energy spectrum of the combined Swift/XRT and 
INTEGRAL/ISGRI spectra of IGR J16493-4348. The spectra have been fit 
with an absorbed high energy cut-off power law model, (see TablefTJ. 



3.2 Spectral Analysis 

The 1-9 keV Swift/XRT spectrum and the 22-100 keV IBIS/ISGRI 
spectrum were simultaneously fit using the XSPEC software, ver- 
sion 12.3. A systematic error of 2% was included for the IBIS data 
and a cross-calibration constant was introduced into the model to 
account for any differences between the two instruments as well 
as to allow for source intensity variations considering the non- 
contemporaneous nature of the two spectra. 

An initial fit to the data was attempted using a simple absorbed 
power law, however the parameters of the fit were badly constrained 
and the reduced chi-square of the fit was very poor (xl = 1.8). Con- 
sequently more complex models were used. The best fit (x 2 v = 1.08) 
was achieved using an absorbed power law model with a high en- 
ergy cut-off (wabs*cutoffpI) with a photon index of 0.6 ± 0.3, a 
cut-off energy of 17+| keV and N w of 5.4+j 3 x 10 22 cirr 2 (see Fig- 
ure[2}. A cross calibration constant of ~0. 18 is required in the best 
fit model. An absorbed thermal bremsstrahlung model was also fit 
but was a worse fit to the data especially at low energies {xl = 1.21). 
The residuals in the spectral fit around 6.5 keV indicated the possi- 
ble presence of an Fe line or edge. Attempts to add either of these 
components to the spectral model do not significantly improve the 
fit and have unconstrained errors. The results of the fits to the data 
are shown in Table [T] 

The main parameters of the cut-off power law model were in- 
vestigated for correlations, specifically the N//, cut-off energy and 
photon index. Figure [3] indicates the correlations between N« and 
photon index with the high energy cut-off. In both cases it is clear 
that the parameters are bounded and constrained. Additionally it 
is clear that within 3cr the high energy cut-off can vary between 
~10 keV and ~24 keV, i.e. the energy gap between the Swift/XRT 
and the INTEGRAL/IBIS data. This uncertainty in the cut-off ob- 
viously impacts upon the index of the power law slope, requiring a 
much harder spectrum for a low cut-off energy than a higher one. 
The absorbing column is consequently also correlated but within 
3cr lies in the range 3.8 < N H < 8.1 x 10 22 cm" 2 . 

The cross-calibration constant of the model is rather low indi- 
cating that the source is variable between the non-contemporaneous 
X-ray and soft y-ray observations. An additional explanation would 
be that the Swift-ISGRI association is spurious; this appears highly 
unlikely as IGR J16493-4348 is seen as a weak persistent source 
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Parameter: nH (10 22 ) Parameter: Pholndex 

Figure 3. Contour plots of a multi-parameter analysis of the cut-off power law model were produced with XSPEC. The left hand plot shows the correlation 
between N# and high energy cut-off; The right hand plot shows the correlation between photon index and high energy cut-off. Contours are shown at the 1 , 2 
and 3 cr levels. 



Table 1. The results of the spectral fits to the XRT and ISGRI IGR J16493-4348 data in the 1-100 keV band. All three models included absorption components. 
All errors are quoted at the 90% level for a single parameter of interest. 



Parameter Power law Cut-off Power law Thermal Bremsstrahlung 



Calib. constant 0.43+.°' 2 J °- 18 -oo5 °- 32 -oo7 

N« 11±1 x 10 22 cm 5.4+J 3 x 10 22 cirr 2 7.9+{jf x 10 22 cm~ 2 

Photon index 2.1±0.2 0.6±0.3 

kT - - 30+* keV 

E cut - 17+| keV 

Normalisation 0.04+j>° 2 4.0+ 2 X 10~ 3 0.019±0.001 

X 2 /dof 165.04/92 98.23/91 111.10/92 



in the y-ray band and both Chandra and Swift/XRT independently 
find an X-ray source at the same location within the INTEGRAL 
error circle. No other X-ray source is a candidate as the X-ray coun- 
terpart. 

The 1-100 keV flux for the source assuming the cut-off power 
law model is — 1.1 X 10~ 10 erg cirr 2 s -1 ; the fluxes in tho *>— 1fl VoV 
10-20 keV and 20-40 keV band are -5.3 x 10-", 
and ~1.7 x 10~" erg cirr 2 s _I respectively. 



3.3 IR archive data 



-2.7 x 10-" 



Kuipe r~et al.l d2005l) reported that there was no identifiable op- 
tical counterpart to IGR J 16493-4348 in the Digital Sky Sur- 
vey Maps. An examination of the USNO-B1.0 catalogue finds 
no optical counterparts within 10" of the Chandra position. Ad- 
ditionally, Kuip er et al.l d2005l) report a single 2MASS source, 
2MASS J 16492695 -4349090, compatible with both the Chandra 
and Swift/XRT positions at distances of 0.39" and 4" respectively. 
It is the only 2MASS source within 1" o f the Chandra position 
dSkrutskie etai]|2006h . lKuiper et alj 12005) observed the source in 
the Ks band and found a magnitude of 12±1, consistent with the 
2MASS magnitude and indicating that there is no large scale vari- 
ability of the source at this band. 

A single source in the Spitzer GLIMPSE catalogue, SST- 
GLMC G341. 3752+00.5829, is compatible with the high energy 
observations. This source lies 0.04" from the position of the 



2MASS counterpart; the GLIMPSE point source accuracy is re- 
ported to be typically 0.3". 

The infra-red spectral energy distribution (SED) of the optical 
counterpart is shown in Figure [4] We fit the SED with a black- 
body at temperature T with extinction Ay, Assuming the source is 
a sphere of radius r and at a distance D from the Earth then the 
model flux is: 



/(v) 



2 x 10 29 7r/j r 



D 2 exp QivlkT) - 1 



10" 



mjy 



(1) 



where A v is the absorption at frequency v , given Ay, based upon the 
formulae of ICardelli. Clayton, & Mathisl (11989). The model is suc- 
cessfully fit to the data with a reduced chi-square of xl = 0.45; the 
fit is shown in Figure|4]with parameters r /D =6.9 x 10", T = 9166 
K and Ay = 14.8. However, as noted by iFilliatre & Chatvl d2004h 
when performing a similar analysis, because of very strong param- 
eter degeneracy this is not the only choice of viable model parame- 
ters. To explore this degeneracy we adopt a Monte-Carlo approach 
whereby a simulated SED is generated by randomly varying the 
original SED within its statistical errors and refitting the absorbed 
black-body model. A good fit with physically meaningful parame- 
ters was achieved for -200,000 simulations and the results for the 
extinction and temperature parameters are plotted in Figure [5] and 
clearly indicate the de generacy of the two para meters. 

As observed by IFilliatre & Chatvl d2004l) . in the analysis of 
IGR J163 18-4848, two regions can be loosely defined correspond- 
ing to two different physical systems: 



Probing the nature oflGR J16493-4348 5 




5.0*10° 1.0x10* 1.5x10* 2.0x10* 2,5x10* 3.0x10' 

Temperature (K) 



Figure 4. The infra-red SED for IGR J16479-4348. The fluxes are taken 
from the 2MASS and Spitzer GLIMPSE surveys (see Table|5J- Fluxes have 
not been corrected for extinction in the line of sight or intrinsic to the source. 
The dashed line represents the absorbed blackbody model fit discussed in 
§E3] 



Table 2. The IR magnitudes of the 2MASS source, 2MASS 
J16492695-4349090. and the Spitzer source. SSTGLMC 
G341. 3752+00. 5829, which are discussed in the text as the counter- 
part to IGR J16493-4349 



Waveband Magnitude 



J 

H 

Ks 

3.6/im 
4.5/im 
5.8/.im 
8.0/an 



14.59 ± 0.05 
12.86 ± 0.06 
11.94 ±0.04 
11.25±0.07 
11. 01 ±0.07 
10.9+0.1 
10.86±0.09 



(i) A low temperature of 3000-10,000 K with a wide possible 
range of extinctions, 9 < A v < 15. The r/D ratio lies within the 
range (0.7-1. 2)xl0~ 10 . This is compatible with a main sequence 
dwarf star at a distance of 200-300 pc, or a cool red giant which if 
the star had a radius of ~ 10 Rq would be 2-3 kpc away. 

(ii) A high temperature of > 11,000 K with an extinction con- 
strained within 14.5 < A v < 17.5. The r/D ratio lies within the 
range (3-6)xl0~". This is compatible with an early type stellar 
photosphere which assuming a stellar radius of 20-30 Rq would 
place it 7.5-22 kpc away. 

The extinction can be intrinsic to the source, along the line of sight 
or a combination of both. 



4 DISCUSSION 

The original association of IGR J16493-4349 and PSR 
J 1649-4349 was based upon a low significance detection of a 
y-ray source by the INTEGRAL satellite in the vici nity of PSR 
J1649-4349 teird et al.l [20041 ; iGrebenev et al.l l2005h . The accu- 
mulation of more observations of this field, by INTEGRAL, has 
yielded the more significant source detection reported with a better 
fitted position and a smaller error circle which place the radio pul- 
sar outside of the 90% error circle. There is a <1% probability that 
the INTEGRAL/IBIS source position is compatible with the pulsar. 
The Swift/XRT position further refines the location of the source to 



Figure 5. A plot of the values of the Temperature and Av values fit to the 
Monte-Carlo simulated SEDs. The points all occupy a fairly well defined 
parameter space. 



within an error circle of 3.6". Both of the se positions are com pati- 
ble with the Chandra position reported by Kuip er et al.l d2005l) and 
imply the association with PSR J1649-4349 as spurious. Further- 
more the luminosity of IGR J16493-4348 if it were at the 5.6 kpc 
distance of the pulsar would be approximately five orders of mag- 
nitude higher than would be predicted from magnetic dipole losses. 

The 1-100 keV broadband spectrum is fit best by an ab- 
sorbed power law model with a high energy cut-off. The re- 
ported spectral model and fit parameters (see Table [TJ are 
typical of accreting n e utron stars in high mass X-ray bina- 
ries, e.g. iNaik&Pauil fe004l). The RXTE-PCA spectral mea- 
surement by Markwardt, Swan k7& Smith! J2005h is consistent 
with an absorbing column of, N H ~ 10 23 ctrr 2 this is higher 
than measured by Swift-INTEGRAL and may represent varia- 
tion in the intrinsic absorption however, the non-imaging nature 
of the PC A instrument means that the s pectrum was likely con- 
taminated by 1RXS J164913.6-435527 temper et alj|2005f) . The 
RXTE/PCA 20-40 keV flux is give n as 2.1 x 10" 11 erg cnT 2 s _1 
(Markwardt . Swank. & Smith] l2005h this is comparable with the 
IBIS flux measured in this band of ~1.7 x 10~"erg ctrr 2 s _1 . How- 
ever, the flux in the RXTE/PCA 2-10 keV band is a factor of ~5 
lower than that observed by Swift/XRT, despite the possible con- 
tamination from 1RXS J164913.6-435527 being in the field. This 
may indicate that the soft X-ray flux is significantly variable whilst 
the harder X-ray flux is less so, however it must be remembered 
that the RXTE, Swift and INTEGRAL observations are not con- 
temporaneous. The Chandra flux is quoted as 0.255 counts s" 1 
( Kuip er et al using the spectral parameters quoted in this 

paper and the HEASARC webpimms tool this equates to a flux of 
~6.7 x 10~ n erg cm" 2 s in the 2-10 keV band. This is compara- 
ble to the Swift/XRT flux although slightly brighter and provides 
further evidence that the source is variable in this energy band. 

Estimates of the weighted average neutral hydrogen den- 
sity in a cone of radius 1° along th e line of sight of IGR 
J 16493 -4348 are N„ ~ 1.4 x 10 22 cnr 2 jKalberla et al.ll2005h and 
N„ ~ 1.8 x 10 22 cm" 2 jDickev & Lockmanlll99fj|) . A range of (1.1- 



2.1) x 10 22 cnT 2 is reported in the vicinity. Assuming the maxi- 
mum observed line of sight measurement and the 3cr lower limit 
on the X-ray measured N H implies that the obscuration of the sys- 
tem is a minimum of 1.8 times that of the line of sight. This implies 
some level of absorption is intrinsic to the system. Modelling the 
IR SED with an absorbed blackbody implies a range of extinctions 
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of 9 <A V <17.5. FromPredehl & Schmitll ( fT993) this equates to an 
N# of (1.6-3.1) x 10 22 cnT 2 ; this is comparable to what is expected 
for the line of sight. However, due to the degeneracy between the 
model parameters of SED model, the lower values of N H corre- 
spond are for cooler stars, which if they are on the main sequence, 
will be very close to us and consequently will effectively have no 
line of sight contribution; the higher N# values are slightly larger 
than the line of sight but would correspond to early type stars which 
would have a heavy stellar wind component which would increase 
their line of sight extinction. The IR SED cannot explain the larger 
X-ray measured abosorbing column which would imply that any 
intrinsic obscuring material is concentrated around the compact ob- 
ject. 

INTEGRAL has identifed a class of highly obsc u red HMXB 
sourc e s with N tf > 10 2 3 c nT 2 Jwalter et al] |2004 iDean et al.l 
120051: IWalter et alj 120061 : iBodaghee et all |2007|) . While IGR 
J 16493 -4348 does not have an intrinsic absorption quite this high 
it does lie at the high end of the range of measured N# for tra- 
ditional HMXB systems. HMXB systems accreting via the stel- 
lar wind of a companion typically have lumin osities of 10 35 — 10 36 
erg s -1 ( iKaper. van der Meer. & Tiiani 2004). If the source is a 
HMXB then a likely location for the source would be within 
the Norma arm tangent, as this arm is tangential to the line of 
sight and which would give a source luminosity of ~10 36 erg s _1 . 
However, even if placed at 23 kpc away, on the far side of the 
galaxy, the source luminosity would not exceed 10 37 erg s in 
the 1-100 keV band. Furthermore studies of the luminosities of 
X-ray binaries broken down by compact object type have indi- 
cated that neutron star systems predominantly have luminosities 
of ~10 36 erg s -1 whilst blac k hole systems predominantly have lu- 
minosities of ~10 37 erg s -1 (Barret, McClintock, & Grindlay][l99(]; 
lDeanetalJl2005h . The range of reasonable luminosities for IGR 
J 16439-4348 would therefore suggest it is more likely a neutron 
star system. 

Timing analysis of the INTEGRAL/IBIS data also shows no 
indication of a coherent timing signal on timescales of the order of 
10-1000 s or of days to months. The lack of any detected X-ray 
pulsations or any indication of orbital signature makes it difficult 
to say with any certainty that this is a high mass X-ray binary sys- 
tem. However, there is evidence in the light curves that the source 
varies both in the X-ray and y-ray bands. This is further suggested 
by the low cross-calibration constant required in fitting the Swift- 
INTEGRAL spectra. 

Despite the close proximity of the source to the plane of the 
Galaxy, the source lies only ~20° away from the Galactic Cen- 
tre and could conceivably be a low mass X-ray binary which is 
located towards the edge of the Galactic Bulge. Ty pical absorb 



pical absorb- 
( IVrtilek et ail 



ing columns for LMX B sources are N H < 10 cm 
ll99ll : lBodaghee et alj|2007r) . Hence the identification of a column 
density higher than that associated with the galactic line of sight 
would make this a very unusual LMXB system. Additionally, there 
is no indication in the 2.8 Ms of IBIS data of the source ever hav- 
ing undergone a type I X-ray burst which is characteristic of LMXB 
systems, however this is by no means conclusive. 



5 CONCLUSIONS 

We conclude that IGR J16493-4348 is not associated with the free 
radio pulsar, PSR J 1649-4349 due to the position offset of the high 
energy emission and that the source is vastly overluminous in the 



1-100 keV band to be powered purely by the spin-down of the 
pulsar. 

The spectrum of IGR J16493-4348 is best fit by an absorbed 
power law with a high energy cut-off. The spectral characteristics 
of the source are typical of an accreting neutron star. The bright 
IR magnitudes of the IR counterpart together with the absence of 
an optical counterpart is indicative of an obscured source and are 
modeled well by an absorbed blackbody. The location of the source 
in the region of the Norma arm spiral tangent is a tentative indicator 
that this source is likely to be a neutron star HMXB. The proximity 
of the source, however, to the Galactic Bulge means that a low mass 
X-ray binary nature of this source cannot be ruled out. 

The true nature of this source will only be definitively con- 
firmed through further observations and study. Specifically, IR 
spectroscopic follow-up may identify the nature of the donor star 
and any detection of X-ray pulsations would confirm the nature of 
the compact object. However, based upon the location of the source, 
the possible intrinsic hydrogen obscuration and the X-ray spectra 
we suggest the object is likely to be an obscured HMXB accreting 
through a stellar wind. 
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